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(57) ABSTRACT

The present invention makes it possible to maintain the
continuity of reception detection level and adjust the direc-
tion of a reception antenna even under the condition that the
reception electric field is low and clock timing synchroni-
zation at a C/N ratio of 0 dB or less is lost. QAM modulation
including a pilot carrier has higher correlativity in one
symbol (1152 samples) correlation, and differential modu-
lation with no pilot has higher correlativity in effective
symbol (1024 samples) correction. Detection circuits are
provided separately for the QAM modulation and the dif-
ferential modulation, and in the differential modulation,
autocorrelation with a 1024 FFT clock delay signal is
performed. The higher of the respective correlation results is
selected in the final stage.

4 Claims, 15 Drawing Sheets
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ANTENNA DIRECTION ADJUSTMENT
METHOD AND OFDM RECEPTION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase Application
under 35 U.S.C. 371 of International Application No. PCT/
JP2014/059240 filed on Mar. 28, 2014 and published in
Japanese as WO 2014/199701 Al on Dec. 18, 2014. This
application is based on and claims the benefit of priority
from Japanese Patent Application No. 2013-124912 filed
Jun. 13, 2013. The entire disclosures of all of the above
applications are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to reception antenna direc-
tion adjustment in a transmission device that uses orthogonal
frequency division multiplexing modulation scheme (here-
inafter called OFDM scheme).

BACKGROUND ART

In recent years, as a transmission method of a radio image
transmission device (hereinafter, a field pickup unit (FPU))
that wirelessly transmits video and voice picked up on site
to a television station, OFDM scheme is adopted as a
modulation scheme robust over multipath fading, and used
for fixed and mobile radio relay (see Non Patent Literature
D).

A conventional antenna direction adjustment method has
adopted a method that detects a reception electric field level
by a detector at a reception side, searches for a direction in
which the reception electric field level is the maximum, and
adjusts the direction of an antenna. However, it has been
difficult to detect accurately when the reception electric field
is low, because a reception signal is buried in noise. More
specifically, because in an early stage of antenna direction
adjustment, the reception electric field is very low, even if an
OFDM signal has arrived albeit only slightly, the reception
signal buried in noise cannot be captured, and direction
adjustment had to be conducted through a trial-and-error
manner.

As a conventional antenna direction adjustment method in
the OFDM scheme that has improved the above-mentioned
drawbacks, one example is Patent Literature 1. This method
will be briefly explained below using FIG. 6.

An OFDM signal that was transmitted from a transmis-
sion side and arrived at a reception device is received by a
reception antenna 1 and frequency-transformed into a base-
band signal by a reception high-frequency unit 2. The
baseband signal is input into an A/D conversion circuit 3 and
a reception sampling sequence x(t) (“t” is a sample number)
is obtained. Then, a demodulated signal D is output to an
external device after going through a path of a main line
system composed of an FFT (Fast Fourier Transform) circuit
6, a demodulation unit 7, and the like to demodulate a
transmitted information code.

In addition, the reception sampling sequence x(t) is input
into a synchronization processing unit 8 that synchronizes
clock timing and a carrier frequency with a transmission
signal, and a synchronization signal SYNC is distributed to
the whole OFDM reception unit as a signal to control
reception timing.

Furthermore, the reception sampling sequence x(t) is
connected with a reception electric field calculation unit 4
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2

that calculates a reception electric field, together with the
above-mentioned connection. A reception electric field sig-
nal R obtained by the reception electric field calculation unit
4 is connected with a direction adjustment signal generation
unit 5, and the direction adjustment signal generation unit
generates a direction adjustment signal C of the reception
antenna 1.

Next, the configuration of the reception electric field
calculation unit 4 will be described further in detail. FIG. 7
is a diagram showing the configuration of the reception
electric field calculation unit 4. The reception sampling
sequence x(t) from the A/D conversion circuit 3 is connected
with an effective symbol delay unit 4-1, and output of a
reception sample sequence x(t-t) delayed by an effective
symbol is connected with a complex multiplication unit 4-2.
Another input terminal of the complex multiplication unit
4-2 is connected with a reception signal from the A/D
conversion circuit 3. As described below, an output signal of
the complex multiplication unit 4-2 is connected with an
integration unit 4-3, and is output as a reception electric field
signal R via an absolute value unit 4-4.

The reception electric field calculation unit 4 performs
processing using correlativity of an OFDM guard interval
signal. An OFDM signal including the guard interval signal
will be explained using FIG. 8 before explaining operation
of the reception electric field calculation unit 4.

The OFDM scheme is a method that digitally modulates,
at a constant symbol period Ts, hundreds to thousands of
carriers arranged at a constant frequency interval, and trans-
mits them. For modulation to an OFDM signal, IFFT
(Inverse Fast Fourier Transform) with the number of points
T (for example, T=1024) is usually used. One symbol of a
transmission signal transmitted from the transmission side is
composed of a signal (A+a) with an effective symbol period
T, made up of an IFFT-modulated OFDM signal with <©
points, and a guard interval signal a' with M, points in which
asignal “a” in an M, (for example, M_=128) point period T,
at the end of the one symbol is copied to a guard period T,
before the effective symbol period T,. In addition, about b
and b' parts of the next symbol, the situation is the same.

Based on the above-described knowledge, processing
performed by the reception electric field calculation unit 4 in
FIG. 4 will be explained using FIG. 7. A signal in FIG. 9(a)
that was sampled by the A/D conversion circuit 3 and input
into the reception electric field calculation unit 4 is delayed
by the number of sampling times T (for example, T=1024)
corresponding to the effective symbol period T, as in FIG.
5(b) by the effective symbol delay unit 4-1. The signal
delayed by the effective symbol period T, and the signal
before delay are complex multiplexed per sample point by
the complex multiplication unit 4-2, and the following is
calculated.

CE)=x(D)xx(t-T) (6]

An example of a waveform of an I component among 1/Q
components of the complex multiplication signal is shown in
FIG. 9(c).

Guard interval signals a and a' and b and b' (dashed lines
in the figure) in FIG. 9(c¢) have correlativity and their
correlation level is higher than other periods.

The correlation level indicates a small value when the
reception electric field level is low, and conversely, when the
correlation level is high, which means that the reception
electric field level is high.

For each of the thus-obtained I component and Q com-
ponent of the output signal C(t) from the complex multipli-
cation unit 4-2, the integration unit 4-3 performs averaging
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processing to suppress a harassing component, and extracts
an effective correlation component. In other words, when the
amount of contained noise becomes large, it becomes dif-
ficult to obtain a correlation waveform from which correla-
tion level difference between the guard interval period and
the period other than that can be determined, but by per-
forming integration (averaging processing), an integration
result other than the guard interval period converges to zero
because there is no correlation in the period other than the
guard interval period. On the other hand, the guard interval
period has correlativity, and by performing integration pro-
cessing, a correlation level depending on a CN ratio can be
obtained. In addition, the configuration of the integration
unit 4-3 can be realized by moving averaging processing
performed by an FIR filter or the like, that is, a low pass filter
(hereinafter, LPF), or an LPF made up of an IIR filter.
Regarding the time constant of the LPF, it is preferable that
the time constant is within hundreds msec as a time constant
capable of quickly following antenna direction adjustment
control.

The output of the complex multiplication unit 4-2 is input
into the absolute value unit 4-4, and absolute values of the
1 component and the Q component are calculated.

As a calculation method for the absolute values, calcu-
lating sum of squares of the I component and the Q com-
ponent enables calculation of the reception electric field
signal R proportional to reception power as shown in a
formula (2).

rPQ @

Because reception devices usually adopt a method that
controls the level of a reception signal largely variable
depending on a reception condition to an approximately
constant level by an automatic gain control (AGC) circuit,
and then performs a variety of signal processing, the power
of the signal x(t) input into the reception electric field
calculation unit 4 is always maintained virtually constant. In
the case of such control being performed, the reception
electric field signal R from the reception electric field
calculation unit 4 cannot be a value proportional to the
reception electric field.

FIG. 10 is a diagram showing a characteristic of the
reception electric field signal R relative to the CN ratio.
Especially, when the CN ratio becomes high, i.e., the recep-
tion electric field level becomes high, the level of the
reception electric field signal R saturates at a certain con-
stant value. If the level of the reception electric field signal
R is in a saturation region, however, it may be determined
that antenna direction adjustment is completed because
synchronization is also established and the reception electric
field higher than a prescribed level is obtained.

Thus, in the early stage of reception antenna direction
adjustment, even if the CN ratio of a received OFDM signal
is about 0 dB or below, i.e., even if the reception electric
field is about =97 dBm or below, presence of the OFDM
signal can be adequately detected, and the direction in which
the level of the received OFDM signal is the maximum can
be searched for while the direction of the reception antenna
is being changed.

It has been difficult for the conventional antenna direction
adjustment method that detects the reception electric field
level by the detector at the reception side and searches for
the direction in which the reception electric field level is the
maximum, to perform accurate detection because the recep-
tion signal is buried in noise when the reception electric field
is low. Further, as a modulation scheme of sub-carriers in the
same OFDM, there is a scheme including a pilot carrier like
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4

a QAM (Quadrature Amplitude Modulation) scheme and a
scheme only including a data carrier like a differential
scheme. In an antenna direction adjustment method when
receiving an OFDM signal for which any of those schemes
was used, it has been difficult to discriminate whether the
used scheme is the QAM scheme or the differential scheme,
and to apply an optimal direction adjustment signal level.

CITATION LIST
Non Patent Literature

Non Patent Literature 1: The Journal of The Institute of

Image Information and Television Engineers, 1998, Vol.
52, No. 11

Patent Literature
Patent Literature 1: JP-A-2008-295096
DISCLOSURE OF THE INVENTION
Technical Problem

An object of the present invention is to provide a recep-
tion device capable of maintaining the continuity of a
detection level and performing stable antenna direction
adjustment under the condition that a reception electric field
is low and clock timing synchronization is out of step.

Solution to Problem

In order to solve the above-described problems, the pres-
ent invention has made a reception device comprise: first
calculation means that performs complex multiplication of a
received OFDM signal by a signal obtained by delaying the
OFDM signal by effective symbol period length, performs
averaging processing for a signal obtained as a result of the
complex multiplication, performs absolute value calculation
processing for a complex multiplication signal obtained by
the averaging processing, and thereby calculates a signal
level; second calculation means that performs complex
multiplication of the received OFDM signal by a signal
obtained by delaying the OFDM signal by one symbol
period length (an effective symbol+a guard interval), per-
forms averaging processing for a signal obtained as a result
of the complex multiplication, performs absolute value
calculation processing for a complex multiplication signal
obtained by the averaging processing, and thereby calculates
a signal level; comparison means that compares the signal
level obtained by the first calculation means with the signal
level obtained by the second calculation means, determines
that a scheme is a scheme including a pilot carrier and a data
carrier if the signal level obtained by the second calculation
means is higher than the signal level obtained by the first
calculation means, and determines that the scheme is a
scheme only including a data carrier if the signal level
obtained by the second calculation means is lower than the
signal level obtained by the first calculation means at the
comparison means; and means that generates a reception
antenna direction adjustment signal from a signal obtained
by switching between the signal level obtained by the first
calculation means and the signal level obtained by the
second calculation means on the basis of a result of the
comparison unit, and performs direction adjustment of a
reception antenna by using the generated direction adjust-
ment signal.
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Furthermore, in the above description, the first calculation
means is first calculation means that performs complex
multiplication of the received OFDM signal by each of a
signal obtained by delaying the OFDM signal by effective
symbol period length, a signal obtained by delaying it by
effective symbol period length—-one sample, and a signal
obtained by delaying it by effective symbol period length+
one sample, sums results of the complex multiplication,
performs averaging processing for a signal obtained as a
result of the sum, performs absolute value calculation pro-
cessing for a complex multiplication signal obtained by the
averaging processing, and thereby calculates a signal level;
and the second calculation means is second calculation
means that performs complex multiplication of the received
OFDM signal by each of a signal obtained by delaying the
OFDM signal by one symbol period length (the effective
symbol+the guard interval), a signal obtained by delaying it
by one symbol period length-one sample, and a signal
obtained by delaying it by one symbol period length+one
sample, sums results of the complex multiplication, per-
forms averaging processing for a signal obtained as a result
of the sum, performs absolute value calculation processing
for a complex multiplication signal obtained by the averag-
ing processing, and thereby calculates a signal level.

Advantageous Effects of Invention

In an antenna direction adjustment method when receiv-
ing an OFDM signal for which there was used any scheme
of a scheme including a pilot carrier like the QAM scheme
and a scheme only including a data carrier like the differ-
ential scheme, when the OFDM reception device according
to the present invention is used, determining whether cor-
relation at one symbol time difference of the reception signal
is higher or correlativity at effective symbol difference is
higher enables discrimination of whether the scheme is the
QAM scheme or the differential scheme, and automatic
application of an optimal direction adjustment signal level.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing one embodiment of a
reception electric field calculation unit 4 in the present
invention.

FIG. 2 is a real number component diagram of correlation
values of a pilot carrier.

FIG. 3 is a pattern diagram showing correlativity at a time
of ==1152.

FIG. 4 is a diagram showing a characteristic of a reception
electric field signal R relative to a CN ratio in the present
invention.

FIG. 5 is a block diagram showing one embodiment of the
reception electric field calculation unit 4 in the present
invention.

FIG. 6 is a block diagram showing one embodiment of
reception antenna direction adjustment in the prior art.

FIG. 7 is a block diagram showing one embodiment of the
reception electric field calculation unit 4 in the prior art.

FIG. 8 is a pattern diagram showing an OFDM symbol
configuration.

FIG. 9 is a pattern diagram showing signals at various
parts in the reception electric field calculation unit 4.

FIG. 10 is a diagram showing a characteristic of the
reception electric field signal R relative to the CN ratio in the
prior art.
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FIG. 11 is a diagram showing characteristic difference
between reception electric field signals R of a QAM scheme
and a differential scheme.

FIG. 12 is a diagram showing carrier arrangement images
of the QAM scheme and the differential scheme.

FIG. 13 is a real number component diagram of correla-
tion values of a data carrier.

FIG. 14 is a real number component diagram of correla-
tion values of a pilot carrier.

FIG. 15 is a pattern diagram showing correlativity at a
time of ©=1024.

FIG. 16 is a diagram showing a characteristic of the
reception electric field signal R relative to the CN ratio when
clock synchronization is out of step.

DESCRIPTION OF EMBODIMENTS

In the above-mentioned conventional antenna direction
adjustment method in the OFDM scheme, there was a
problem in which reception electric field signals R detected
at the same CN ratio (reception electric field level) indicate
different values in the case of receiving the signals of a
modulation scheme including a pilot carrier called a CP
carrier (hereinafter, a QAM scheme) and a modulation
scheme not including a pilot carrier (hereinafter, a differen-
tial scheme).

FIG. 11 is a diagram comparing characteristics of the
reception electric field signals R of the QAM scheme and the
differential scheme in the conventional antenna direction
adjustment method, and as can be seen, at each CN ratio,
relative comparison of the differential scheme to the QAM
indicates about twice value.

FIG. 12(a) is an example of carrier arrangement at a time
of the QAM scheme. A horizontal axis shows the direction
of a frequency (carrier) and a vertical axis shows the
direction of time (symbol). As shown, the carrier arrange-
ment at the time of the QAM scheme is made by mainly
arranging data carriers and pilot carriers, the pilot carriers
are arranged in a distributed manner in the frequency
direction (in the example, an equal interval of every eight
carriers) and arranged consecutively in the time direction.
The number of all the carriers is large, for example, about
800, and the number of the pilot carriers is, for example, an
eighth part of the number of all the carriers. In addition, for
example, as other carriers, about 10 control carriers called
TMCC (Transmission and Multiplexing Configuration and
Control) carriers are arranged, but they are omitted from the
figure. Other carriers may be arranged but in order to
simplify explanation, they are omitted in the example. In
addition, for example, when the average power of a data
carrier is 1 (=12), the power of a pilot carrier is (4/3)%, and
the power of a control carrier is (4/3)*.

On the other hand, FIG. 12(b) shows one example of
carrier arrangement at a time of the differential scheme, and
all carriers are data carriers. Also in this case, for example,
as other carriers, about 10 control carriers called TMCC
carriers are arranged, but they are omitted from the figure. In
addition, other carriers may be arranged but in order to
simplify explanation, they are omitted in the example.

On the basis of the above-described knowledge, the
reason why the detected reception electric field signals R are
different at the same C/N value (reception electric field
level) in the QAM scheme and the differential scheme will
be explained below in detail.

Suppose that a reception signal in the QAM scheme
including pilot carriers is x(t), a data carrier component is
Xp474(1), and a pilot carrier component is X(t), then

(O =xparaD+xcp(l) 3).
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A correlation waveform C(t) between the reception signal
(3) and a signal obtained by delaying it by T samples is as
follows:

[MATH. 1]

Cm = 0¥ -7 “

t

Because the data carriers and the pilot carriers are uncorre-
lated, the correlation waveform C(t) is superposition of
correlation of the data carriers and correlation of the pilot
carriers.

[MATH. 2]

C(7) = Cpara(r) + Cep(r) (5)

= Z XpaTall) - Xpagat—7) — Z xep(D) Xpp(t—7)

FIG. 13 shows the real number component of a correlation
value of the data carriers, and its imaginary component is
nearly zero. About data carrier correlation, only when delay
time 7 is effective symbol length (for example, 1024 samples
here), they are correlated, and when the delay time T is one
symbol length (for example, suppose here that guard interval
length is 128 samples, then it is 1152 samples (=1024+128)),
they are uncorrelated.

On the other hand, FIG. 14 shows the real number
component of an autocorrelation value of the pilot carriers.
As is the case with the data carriers, its imaginary compo-
nent is nearly zero. A correlation value of the pilot carriers
is different from the correlation value of the data carriers
shown in FIG. 13, and also indicates correlativity at delay
time other than t=1024. In addition, regarding T=1024 delay
time, as can be seen, the real number component of corre-
lation of the pilot carriers is negative.

The reason why the real number component becomes
negative will be further explained below in detail.

As described above, the pilot carriers are arranged with an
eight-carrier interval (4(2k+1)), its pilot carrier component
is shown in a formula (6). In addition, although the pilot
carriers are modulated randomly with a code W,, which is
not considered here because it may be omitted as well.

[MATH. 3]
53 (6)

;2
xep(t) = Z A ToA e

k=—54

Therefore, the correlation of the pilot carriers at T=1024

is as follows.
[MATH. 4]

1023

Cep(1024) = Z (D) X (7 — 1024)
=0

1025 [ 53
o 3 o
_ E E R e Z oI T D+ 128)
]

t=0 Lk=-54

o

1023 53
;27
— g g 81—2—5—6(2k+1)r )
t=0 Lk=-54

27
o336 @ D2l
=54

8

Here, consider correlation C ¢, ,,(1024) only taking a “k”
carrier and an “1” carrier into consideration.

5 [MATH. 5]
1023

;2 2
Ceppn(1024) = Z [elmﬂkﬂ)r _E*I{QR(ZHI)HMHW}]
t=0

®

1023
g2
- Z [ e;{—zﬁz(kfl)rfszn}]

=0

10

In the formula (8), correlation is separately considered
regarding two cases: k=1 and k=1. First, in the case of k=1,
the correlation is as follows in all carriers:

[MATH. 6]

20 1023 )
Copu=n(1024) = 3 [e @Hm] = 1024

t=0

®

On the other hand, in the case of k=1, because the carrier
components are orthogonal to each other, their correlation
component is zero.

25

[MATH. 7]
30

1023

.2
Cepen(1024) = 3 [/t = o
=0

10

35 Therefore, the correlation shown in the formula (7) is as

follows.

CCP,(k,l)(1024):CCP,(}F1)(1024)+CCP,(k=1)(1 024)=

1024 1)

The pilot carrier correlation value at t=1024 indicates a
negative result.

FIG. 15 shows, as an example, pilot carriers at a certain
particular carrier position at the time of t=1024 by sine
waves, the same can be said for pilot carriers at positions
other than this. Because they are in-phase in the guard
interval period, the real component of the pilot carrier
correlation is positive, and about the data carriers also,
because they are the same signal, a positive correlation value
is obtained. Conversely, about the period other than the
guard interval, as shown in FIG. 15, the correlation object
pilot carriers have a relation of a reversed phase, and the real
number component of the pilot carrier correlation value
becomes negative. From this, the correlation value on the
whole is that the positive correlation of the pilot carriers and
the positive correlation of the data carriers in the guard
interval period are offset by the negative correlation of the
pilot carriers other than the guard interval period. Because
the negative correlation level of the pilot carriers spans the
whole symbol and as described before, the power of a pilot
carrier is larger than that of a data carrier, an offset result of
the above-mentioned correlation value becomes negative.
Therefore, in the QAM scheme including the pilot carriers
which have negative correlation at ©=1024, the reception
electric field signal R is a smaller value than that in the
differential scheme only including the data carriers.

Because of the above-mentioned reason, when antenna
direction adjustment is performed at an FPU reception side
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of'the OFDM modulation scheme having both QAM scheme
and differential scheme in the prior art, the reception side
also needs to manually switch between the QAM scheme
and the differential scheme to perform direction adjustment
when a transmission side switches between the QAM
scheme and the differential scheme.

However, in the case of assuming a system that performs
communication by adaptively switching between the QAM
scheme and the differential scheme at the transmission side
such as the system that switches between the QAM scheme
and the differential scheme according to an operation con-
dition, it is desirable that the reception side automatically
switches between the QAM scheme and the differential
scheme.

The present invention is made in light of such a situation,
and its objective is to provide a reception device that can
discriminate which is a scheme used for a signal received
from a transmission side, the QAM scheme or the differen-
tial scheme, calculate a reception electric field signal
adapted to each scheme, and perform antenna direction
adjustment on the basis of the result.

FIG. 16 shows a characteristic example of showing, by a
dashed line, the case where actual clock timing (symbol)
synchronization with the transmission side is out of step at
the reception side for the characteristic of the reception
electric field signal R at each C/N shown in above-described
FIG. 10. Also depending on the characteristic of a PLL
circuit (VCXO frequency variable range) to establish clock
timing synchronization, because clock timing synchroniza-
tion of OFDM is out of step in the vicinity of the C/N ratio
of'about 0 dB, in that case, a point indicating the maximum
value of the correlation result deviates by about =1 sample.
Therefore, as shown by the dashed line in FIG. 16, a
detection value becomes smaller as soon as clock timing
synchronization is out of step, and thereby its continuity is
lost. Because the antenna direction adjustment at the recep-
tion side searches for the maximum detection level by
changing the antenna direction from an unreceived state (CN
ratio of 0 dB or below), there also was a problem of not
being able to perform direction adjustment well due to
hunting occurring during a process of antenna direction
adjustment in the case where there is a drastic change in
continuity of the detection level as described above.

The present invention is made in light of such a conven-
tional situation, and its objective is to provide a reception
device that can maintain the continuity of a detection level
and perform stable antenna direction adjustment under the
condition that clock timing synchronization is out of step.
Embodiment 1

Embodiments according to the present invention will be
explained below by the embodiments shown in drawings in
detail. FIG. 1 is a diagram showing a first embodiment of the
present invention. In the block diagram showing the recep-
tion antenna direction adjustment method shown in above-
described FIG. 7, the reception electric field calculation unit
4 is made to have a configuration in the present invention.

A reception sample sequence x(t) from the above-de-
scribed A/D conversion circuit 3 is connected with an
effective symbol delay unit 4-1, output of a reception sample
sequence x(t—-1024) delayed by an effective symbol (for
example, T=1024) is connected with a complex multiplica-
tion unit 4-2. Another input terminal of the complex multi-
plication unit 4-2 is connected with a reception signal from
the A/D conversion circuit 3. An output signal from the
complex multiplication unit 4-2 is integrated for a prescribed
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period after connected with an integration unit 4-3, and is
output as a reception electric field signal R-1 via an absolute
value unit 4-4.

In the same way, the reception sample sequence x(t) from
the above-described A/D conversion circuit 3 is connected
with a one symbol delay unit 4-5, output of a reception
sample sequence x(t—-1152) delayed by one symbol (for
example, ©=1152, the effective symbol 1024 +the guard
interval 128) is connected with a complex multiplication
unit 4-6. Another input terminal of the complex multiplica-
tion unit 4-6 is connected with the reception signal from the
A/D conversion circuit 3. As described below, an output
signal from the complex multiplication unit 4-6 is integrated
for a prescribed period after connected with an integration
unit 4-7, and is output as a reception electric field signal R-2
via an absolute value unit 4-8.

A circuit that calculates the reception electric field signal
R-1 from a result of correlation between the above-men-
tioned reception signal and a signal obtained by delaying it
by the effective symbol (for example, 1024 samples) is the
same as the configuration in the prior art, but there is newly
added a circuit that figures out the reception electric field
signal R-2 from a result of correlation between the reception
signal and a signal obtained by delaying it by one symbol
(for example, 1152 samples). The reason will be explained
below.

As mentioned above, about the result of correlation
between the reception signal and the signal delayed by the
effective symbol, calculation results are different at the same
CN ratio for the QAM scheme including a pilot carrier and
the differential scheme only including a data carrier; there-
fore, attention is newly paid to correlativity of the QAM
scheme signal including a pilot carrier in the case of being
delayed by one symbol (t=1152).

FIG. 2 has paid attention to a correlation component at the
time of t©=1152 for the real number component of the
autocorrelation value of only the pilot carriers shown in
above-described FIG. 14. As described above, the correla-
tion value of the pilot carriers indicates negative correlation
at t=1024, but because the pilot carriers are the same signal
per symbol, the signals are perfectly accord per t=1152
(OFDM symbol length), and it can be seen that the corre-
lation value of only the pilot carriers becomes the largest
correlation value. However, data carrier correlation at this
delay time is no correlation as shown in FIG. 13.

An explanation will be given further in FIG. 3. FIG. 3
shows, as an example, a pilot carrier at a certain particular
carrier position, by a sine wave, at the time of t=1152
(OFDM symbol length), but the same can be said for pilot
carriers at positions other than this. About the pilot carriers,
because they are in-phase in the guard interval period and
the period other than the guard interval period, the real
number component of the pilot carrier correlation becomes
positive. On the other hand, about the data carriers, they are
uncorrelated in the guard interval period and the period other
than the guard interval period.

FIG. 4 is a diagram showing a result of correlation
between the reception signal and a signal delayed by the
effective symbol (t=1024) and a result of correlation
between the reception signal and a signal delayed by the one
symbol (t=1152) in the reception electric field calculation
unit 4 according to the present invention for each of the
QAM scheme including a pilot carrier and the differential
scheme only including a data carrier.

In the case of receiving a signal of the differential scheme,
as mentioned above, the correlation value Cj,-(1152) at
1=1152 is nearly zero, but C,,;-(1024) has high correlativity;
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therefore, they have the relation of IC,(1152)I<ICp,
(1024)l. Conversely, in the case of the QAM scheme,
because high correlativity of the pilot carriers is obtained,
they have the relation of |Cp(1152)I>1C,,-(1024)l. Thus,
the relation of magnitude of C(1024) and C(1152) is
reversed between the differential scheme and the QAM
scheme at any CN ratio. Therefore, the magnitude relation
between these correlation values allows a received modu-
lation scheme to be discriminated.

The reception electric field signal R-1(IC(1024)I) and the
reception electric field signal R-2(1C(1152)l) are compared
in terms of magnitude by a comparison unit 4-9, and a
switching unit 4-10 performs switching control. The switch-
ing unit 4-10 performs the following switching control:

Case A: If the reception electric field signal R-1> the
reception electric field signal R-2, to recognize that the
differential scheme was received, and to output the reception
electric field signal R-1(1C(1024)l); and

Case B: If the reception electric field signal R-1<the
reception electric field signal R-2, to recognize that the
QAM scheme was received, and to output the reception
electric field signal R-2(IC(1152)1).

The signal from the switching unit 4-10 is connected with
the direction adjustment signal generation unit 5, which
enables generation of a direction adjustment signal C of the
reception antenna 1 from the relation of each CN ratio
relative to the reception electric field signal R shown in FIG.
4.

As described above, the reception electric field calcula-
tion unit 4 of the reception device according to the present
invention figures out a correlation level between the
received OFDM signal and a signal obtained by delaying the
OFDM signal by effective symbol period length, further
figures out a correlation level between the received OFDM
signal and a signal obtained by delaying the OFDM signal
by one symbol period length, compares their magnitude
relation, and thereby can discriminate the QAM scheme
including a pilot carrier and the differential scheme only
including a data carrier, that is, at a reception side, can
automatically discriminate a modulation scheme used at a
transmission side, and can generate a reception antenna
direction adjustment signal appropriate to the discriminated
modulation scheme.

In addition, it is also become possible to construct a
system capable of easily performing reception antenna
direction adjustment by using a detected reception level
signal.

Embodiment 2

FIG. 5 is a diagram showing a second embodiment of the
present invention. The second embodiment has a configu-
ration obtained by further improving the reception electric
field calculation unit 4 of the present invention in above-
described FIG. 1.

A reception sample sequence x(t) from the above-de-
scribed A/D conversion circuit 3 is connected with an
effective symbol delay unit 4-1, output of a reception sample
sequence x(t-1024) delayed by the effective symbol (for
example, T=1024) is connected with a complex multiplica-
tion unit 4-2. Another input terminal of the complex multi-
plication unit 4-2 is connected with a reception signal from
the A/D conversion circuit 3. The reception sample sequence
x(t) is further connected with an effective symbol-one
sample delay unit 4-11, output of a reception sample
sequence x(t-1023) delayed by the effective symbol-one
sample (for example, ©=1023) is connected with a complex
multiplication unit 4-15. Another input terminal of the
complex multiplication unit 4-15 is connected with the
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reception signal from the A/D conversion circuit 3. The
reception sample sequence x(t) is further connected with an
effective symbol+one sample delay unit 4-12, output of a
reception sample sequence x(t-1025) delayed by the effec-
tive symbol+one sample (for example, T=1025) is connected
with a complex multiplication unit 4-16. Another input
terminal of the complex multiplication unit 4-16 is con-
nected with the reception signal from the A/D conversion
circuit 3. Output signals from the complex multiplication
unit 4-2, the complex multiplication unit 4-15, and the
multiplication unit 4-16 are added by an addition unit 4-19,
integrated for a prescribed period after connected with an
integration unit 4-3, and output as the reception electric field
signal R-1 via an absolute value unit 4-4.

In the same way, the reception sample sequence x(t) from
the above-described A/D conversion circuit 3 is connected
with a one symbol delay unit 4-5, and output of a reception
sample sequence x(t—-1152) delayed by one symbol (for
example, ©=1152, the effective symbol 1024+ the guard
interval 128) is connected with a complex multiplication
unit 4-6. Another input terminal of the complex multiplica-
tion unit 4-6 is connected with the reception signal from the
A/D conversion circuit 3. The reception sample sequence
x(t) is further connected with a one symbol-one delay unit
4-13, and output of a reception sample sequence x(t-1151)
delayed by one symbol-one sample (for example, T=1151)
is connected with a complex multiplication unit 4-17.
Another input terminal of the complex multiplication unit
4-17 is connected with the reception signal from the A/D
conversion circuit 3. The reception sample sequence x(t) is
further connected with a one symbol+one delay unit 4-14,
and output of a reception sample sequence x(t-1153)
delayed by one symbol+one sample (for example, T=1153)
is connected with a complex multiplication unit 4-18.
Another input terminal of the complex multiplication unit
4-17 is connected with the reception signal from the A/D
conversion circuit 3. Output signals from the complex
multiplication unit 4-6, the complex multiplication unit
4-17, and the complex multiplication unit 4-18 are added by
an addition unit 4-20, integrated for a prescribed period after
connected with an integration unit 4-7, and output as the
reception electric field signal R-2 via an absolute value unit
4-8. After this, operation at a comparison unit 4-9 and a
switching unit 4-10 is the same as above described FIG. 1.

As described above, the reception electric field calcula-
tion unit 4 of the reception device according to the present
invention is provided in advance with three correlation
circuits with signals delayed by T=1024, which produces the
highest correlativity in the differential scheme, and by T+l
sample, and is further provided with three correlation cir-
cuits with signals delayed by t=1152, which produces the
highest correlativity in the QAM scheme, and by Tzl
sample, and thereby is enabled to absorb deviation of 1
sample even under the condition that clock timing synchro-
nization is out of step at the CN ratio of 0 dB or below, and
enabled to maintain the continuity of the detection level and
to perform stable antenna direction adjustment.

That is, it enables low electric field level detection for
both QAM modulation and differential modulation.

Furthermore, at a time of automatic reception, identifica-
tion of QAM modulation/differential modulation has been
performed using information on TMCC after FFT, but
identification is enabled at an earlier stage, and demodula-
tion pull-in time is shortened.

In other words, in an antenna direction adjustment method
when receiving an OFDM signal for which there was used
any scheme of a scheme including a pilot carrier like the
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QAM scheme and a scheme only including a data carrier like
the differential scheme, when the OFDM reception device
according to the present invention is used, determining
whether correlation at one symbol time difference of the
reception signal is higher or correlation at effective symbol
difference is higher enables discrimination of whether the
scheme is the QAM scheme or the differential scheme, and
automatic application of an optimal direction adjustment
signal level.

In addition, it enables maintaining the continuity of the
reception detection level, for example, under the condition
that clock timing synchronization is out of step at the C/N
ratio of 0 dB or below.

Furthermore, it also enables construction of a system
capable of easily performing reception antenna direction
adjustment using a reception level signal detected with
shortened demodulation pull-in time.

INDUSTRIAL APPLICABILITY

The present invention can be widely applied to, for
example, reception antenna direction adjustment in a trans-
mission device such as an FPU using the OFDM scheme,
and reception antenna direction adjustment with an easy and
time-shortened manner using a reception level signal
detected by a reception detection level, especially when a
reception electric field is low.

REFERENCE SIGNS LIST

1 Reception antenna

2 Reception high-frequency unit

3 A/D conversion circuit

4 Reception electric field calculation unit

5 Direction adjustment signal generation unit
6 FFT

7 Demodulation unit

8 Synchronization processing unit

4-1 Effective symbol delay unit

4-2 Complex multiplication unit

4-3 Integration unit

4-4 Absolute value unit

4-5 One symbol delay unit

4-6 Complex multiplication unit

4-7 Integration unit

4-8 Absolute value unit

4-9 Comparison unit

4-10 Switching unit

4-11 Effective symbol-one sample delay unit
4-12 Effective symbol+one sample delay unit
4-13 One symbol-one sample delay unit
4-14 One symbol+one sample delay unit
4-15 Complex multiplication unit

4-16 Complex multiplication unit

4-17 Complex multiplication unit

4-18 Complex multiplication unit

4-19 Addition unit

4-20 Addition unit

The invention claimed is:

1. An OFDM reception device for receiving a signal in
which any mode of modes of a scheme including a pilot
carrier and a data carrier and a scheme including only a data
carrier and no pilot carrier is used, the signal being trans-
mitted by an OFDM modulation scheme, the OFDM recep-
tion device comprising:

first calculation means that performs complex multiplica-

tion of the received OFDM signal by a signal obtained
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by delaying the OFDM signal by effective symbol
period length, performs averaging processing for a
signal obtained as a result of the complex multiplica-
tion, performs absolute value calculation processing for
a complex multiplication signal obtained by the aver-
aging processing, and thereby calculates a signal level;

second calculation means that performs complex multi-
plication of the received OFDM signal by a signal
obtained by delaying the OFDM signal by one symbol
period length, performs averaging processing for a
signal obtained as a result of the complex multiplica-
tion, performs absolute value calculation processing for
a complex multiplication signal obtained by the aver-
aging processing, and thereby calculates a signal level;

comparison means that compares the signal level obtained
by the first calculation means with the signal level
obtained by the second calculation means, determines
that the scheme is the scheme including a pilot carrier
and a data carrier if the signal level obtained by the
second calculation means is higher than the signal level
obtained by the first calculation means, and determines
that the scheme is the scheme including only a data
carrier if the signal level obtained by the second
calculation means is lower than the signal level
obtained by the first calculation means at the compari-
son means; and
means that generates a reception antenna direction adjust-
ment signal from a signal obtained by switching
between the signal level obtained by the first calcula-
tion means and the signal level obtained by the second
calculation means on the basis of a result of the
comparison means, and performs reception antenna
direction adjustment using the generated direction
adjustment signal.
2. The reception device according to claim 1, wherein:
the first calculation means is first calculation means that
performs complex multiplication of the received
OFDM signal by each of a signal obtained by delaying
the OFDM signal by effective symbol period length, a
signal obtained by delaying the OFDM signal by effec-
tive symbol period length—-one sample, and a signal
obtained by delaying the OFDM signal by effective
symbol period length+one sample, sums results of the
complex multiplication, performs averaging processing
for a signal obtained as a result of the sum, performs
absolute value calculation processing for a complex
multiplication signal obtained by the averaging pro-
cessing, and thereby calculates a signal level; and

the second calculation means is second calculation means
that performs complex multiplication of the received
OFDM signal by each of a signal obtained by delaying
the OFDM signal by one symbol period length, a signal
obtained by delaying the OFDM signal by one symbol
period length—one sample, and a signal obtained by
delaying the OFDM signal by one symbol period
length+one sample, sums results of the complex mul-
tiplication, performs averaging processing for a signal
obtained as a result of the sum, performs absolute value
calculation processing for a complex multiplication
signal obtained by the averaging processing, and
thereby calculates a signal level.

3. A direction adjustment method in an OFDM reception
device that receives a signal in which any mode of modes of
a scheme including a pilot carrier and a data carrier and a
scheme including only a data carrier and no pilot carrier is
used, the signal being transmitted by an OFDM modulation
scheme, the method comprising:
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performing first calculation that performs complex mul- reception antenna direction adjustment using the gen-
tiplication of the received OFDM signal by a signal erated direction adjustment signal.
obtained by delaying the OFDM signal by effective 4. The direction adjustment method according to claim 3,
symbol period length, performs averaging processing wherein:

for a signal obtained as a result of the complex multi- 5 the first calculation performs first calculation that per-

plication, performs absolute value calculation process-
ing for a complex multiplication signal obtained by the
averaging processing, and thereby calculates a signal
level, and performing second calculation that performs

signal level obtained by the second calculation on the
basis of a result of the comparison, and performing

forms complex multiplication of the received OFDM
signal by each of a signal obtained by delaying the
OFDM signal by effective symbol period length, a
signal obtained by delaying the OFDM signal by effec-

complex multiplication of the received OFDM signal 10 tive svmbol period lensth—one sample. and a sional
by a signal obtained by delaying the OFDM signal by obtain}e/:d b gela in, tl%e OFDM sip eil b eﬂ“ec%?ve
one symbol period length, performs averaging process- Y ying ghat by
ing for a signal obtained as a result of the complex symbol perloq le.:ngt.h+0ne sample, Sums results of .the
multiplication, performs absolute value calculation comple?x multlph.catlon, performs averaging processing
processing for a complex multiplication signal obtained 15 for a signal obtained as a result of.the sum, performs
by the averaging processing, and thereby calculates a absolute value calculation processing for a complex
signal level: ’ multiplication signal obtained by the averaging pro-
comparing the signal level obtained by the first calcula- cessing, and therf:by calculates a signal level; a nd
tion with the signal level obtained by the second the second calculation perfqms sgcond calculation .that
calculation, determining that the scheme is the scheme 20 IgngOII\T/In 5 co;r{)plex ﬁn ufltlpl.lcatllonb O.f (tihg (rieTelYed
including a pilot carrier and a data carrier if the signal h OFDSII\%n a yl iac ota 51%n211 obt a(linle }1]1 N gyln%
level obtained by the second calculation is higher than tbe ined b szgr}a ol orllle sgngg/[pgrlo | lf ngth, a mggal
the signal level obtained by the first calculation, and o t?uréel Y he aying t el d sigha ly Oél e.syr(rilbo
determining that the scheme is the scheme including gei‘lo. en%t _gg%i/[amp © la nb a sigha obteilne . g
only a data carrier if the signal level obtained by the 25 le aylllng the ) sigha ly Ofn;:l sym 01 penol
second calculation means is lower than the signal level ength+one sample, sums results of the complex mul-
obtained by the first calculation at the comparison; and tlphgatlon, performs averaging processing for a signal
generating a reception antenna direction adjustment sig- obtalneq as a result thhe sum, performs absol.ute.: Va.lue
nal from a signal obtained by switching between the cglculatlon processing for a complex multlp lication
signal level obtained by the first calculation and the 30 signal obtained by the averaging processing, and

thereby calculates a signal level.
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